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References S43 Figure S1 . Substituent effects on activation energies of azido-and diazo-cycloadditions calculated at the M06-2X/6-31+G(2d,p) level of theory. Energies (kcal/mol) include solvation corrections (water) on gasphase geometries with the IEFPCM model (radii=UFF). Table S1 . Gas-phase activation energies (kcal/mol) of azido-and diazo-cycloadditions calculated at the M06-2X/6-31+G(2d,p) level of theory. Table S2 . Gas-phase reaction energies (kcal/mol) of azido-and diazo-cycloadditions calculated at the M06-2X/6-31+G(2d,p) level of theory. Table S3 . Activation energies of azido-and diazo-cycloadditions calculated at the M06-2X/6-31+G(2d,p) level of theory. Energies (kcal/mol) include solvation corrections (water) on gasphase geometries with the IEFPCM model (radii=UFF). Table S4 . Reaction energies of azido-and diazo-cycloadditions calculated at the M06-2X/6-31+G(2d,p) level of theory. Energies (kcal/mol) include solvation corrections (water) on gasphase geometries with the IEFPCM model (radii=UFF). Table S5 . Reactivity indices (eV) calculated at the M06-2X/6-31+G(2d,p) level of theory according to ref. Table S3 . FMO gap is defined by the smaller of the NED/IED HOMO-LUMO energy difference.
Upon examination of calculated TS geometries ( Figure S2 ) and FMO energies ( Figure S3 ), we realized that the dominant interactions in the TS might not necessarily be between the HOMO of the dipole and the LUMO of the dipolarophile, or vice versa. In nearly every dipole examined (1-6), the HOMO and LUMO orbitals reside within orthogonal π-systems. The azide can rotate to allow interactions of both π-systems with dipolarophile FMOs. Calculated diazo compound transition states, however, display a geometry in which the HOMO can interact directly with unoccupied orbitals of the dipolarophile, but leaving the LUMO orthogonal to the nascent bonds. Accordingly, we reexamined the correlation of activation energies with FMO gaps, but used instead diazo LUMO+1 energies for IED gaps in relevant cases ( Figure S9 ). The R 2 increased only slightly to 0.52, confirming that distortion energies are a much better descriptor of reactivity. Figure S5 . Plot of activation energies versus FMO gap for cycloadditions from Table S3 . FMO gap is defined by the smaller of the NED/IED HOMO-LUMO energy difference using LUMO+1 for IED diazo cycloadditions when relevant. Table S6 . Distortion/interaction analysis for cycloadditions calculated at the M06-2X/6-31+G(2d,p) level of theory. Energies include solvation corrections (water) on gas-phase geometries with the IEFPCM model (radii=UFF). All energies are in kcal/mol.
Although distortion/interaction analysis is a better descriptor of reactivity than are ground state FMO gaps, distortion/interaction analysis does not provide the "back of the envelope" predicting power provided by the well-established FMO approach.
2 Moreover, the two approaches are linked intricately, and one cannot be evaluated without the other. For simplicity, our subsequent discussion will focus on the differences of ground state FMO energies of the diazo and azides dipoles, as well as the two approaches of strain and electronic activation.
The decreased distortion energies result from the higher HOMO of diazo compounds relative to analogous azides. 3 This leads to an earlier transition state, where less bending is required to allow for sufficient interactions towards bond formation. Despite an earlier, less synchronous TS, larger interaction energies are also observed relative to azide dipoles.
As the diazoacetamide 5 has been shown to endure cellular metabolism, this alternative approach can provide increased reaction rates without compromising selectivity. This approach is in stark contrast to the high amount of strain (~20 kcal/mol for c) associated with pre-distortion towards the TS geometry-a strategy that lowers the energy of the dipolarophile LUMO by only ~5 kcal/mol before compromising reactant stability.
In all cases, the HOMO is raised substantially upon diazotizaton ( Figure S6 ). For the transformation from the carbamoyl azide 6 to the diazoacetamide 5, an increase of ~25 kcal/mol is observed. Even from the nonconjugated methyl azide 4 to diazoacetamide 3, an increase of almost 20 kcal/mol is observed.
In contrast, increasing strain by almost 20 kcal/mol from 2-butyne (g) to cyclooctyne (f) leads to only ~5 kcal/mol decrease in the LUMO energy of the alkyne. The strategy of electronic activation provides much larger effects, where the LUMO of methyl vinyl ketone e is ~35 kcal/mol lower than that of propene b. Figure S6 . Comparison of the strategies of distortion-acceleration and electronic tuning. All orbital energies calculated at the M06-2X/6-31+G(2d,p) level of theory, including solvation corrections (water) on gas-phase geometries using IEFPCM model (radii=UFF). Contained within cycloalkynes are strain energies (kcal/mol) calculated utilizing isodesmic equation as in ref. Tables S3 and S4 . Table S7 . Intrinsic reaction bariers of azido-and diazo-cycloadditions calculated at the M06-2X/6-31+G(2d,p) level of theory. Energies (kcal/mol) include solvation corrections (water) on gas-phase geometries with the IEFPCM model (radii=UFF). Figure S8 . Plots of calculated activation energies versus nucleophilicity of diazo (left) and azide (right) dipoles with alkenes a-f. Activation energies calculated at the M06-2X/6-31+G(2d,p) level of theory. Energies (kcal/mol) include solvation corrections (water) on gas-phase geometries with the IEFPCM model (radii=UFF). Diazo compounds display excellent linear correlation with nucleophilicity, while azides display poor correlation. Figure S9 . Plots of calculated activation energies versus electrophilicity of diazo (left) and azide (right) dipoles with alkenes a-f. Activation energies calculated at the M06-2X/6-31+G(2d,p) level of theory. Energies (kcal/mol) include solvation corrections (water) on gas-phase geometries with the IEFPCM model (radii=UFF). Diazo compounds display excellent linear correlation with electrophilicity, while azides display relatively good correlation with quadratic fit-a result of the nucleophilic and ambiphilic character of the diazo-and azido-dipoles, respectively. Figure S10 . Plots comparing activation by strain (left) or electron-withdrawing substituents (right) for 1,3-dipolar cycloadditions of methyl azide (squares) and diazoethane (circles). Strain energy calculated from the isodesmic equation found in ref. 4 . Activation energies calculated at the M06-2X/6-31+G(2d,p) level of theory. Energies (kcal/mol) include solvation corrections (water) on gas-phase geometries with the IEFPCM model (radii=UFF).
Figure S11. Implicit and explicit solvation for azido-and diazo-cycloadditions with methyl vinyl ketone calculated at the M06-2X/6-31+G(2d,p) level of theory. Implicit solvation utilizes the IEFPCM model (radii=UFF) for acetonitrile and water during optimization. All energies are in kcal/mol. Figure S12 . Activation energies, free energies, and optimized geometries for concerted and stepwise transition states of select dipoles. Geometries and activation energies calculated at the (U)M06-2X/6-31+G(2d,p) level of theory. Energies (kcal/mol) include solvation corrections (water) on gas-phase geometries with the IEFPCM model (radii=UFF). Values in parentheses are for optimizations utilizing the IEFPCM model (radii=UFF).
a Gas-phase optimization converged to the concerted TS (3-f TS).
Cartesian coordinates, total energies, and imaginary frequencies (for TSs) All energies include IEFPCM single point corrections. TS frequencies are from gas-phase optimized structures.
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